We report on the observation of anisotropic magnetoresistance (AMR) in vertical asymmetric nano-contacts (NCs) made through AlO x nano-oxide layer (NOL) formed by ion-assisted oxidation method in the film stack of Co/AlO x -NOL/Pt. Analysis of NC formation was based on in situ conductive atomic force microscopy and transmission electron microscopy. Depending on the purity of NCs from Al contamination, we observed up to 29% AMR ratio at room temperature. Ballistic transport either through a tunneling barrier or nano-contacts (NCs), where contact diameter is much smaller than electron's mean free path, offers a lot of information about electron's local Density Of States (DOS) near Fermi level. In systems with Spin-Orbit Coupling (SOC), local DOS dependence on local magnetization direction leads to the effects of tunneling anisotropic magnetoresistance (TAMR), for tunneling conduction, 1,2 and nano-contact AMR (NC-AMR), in the case of ballistic transport through nanometer-sized metallic contacts. an assist-ion-gun used for IAO at the same chamber. All chambers are connected through 2 an ultra-high-vacuum (10 −6 -Pa base pressure) transfer tube. Current-In-Plane-Tunneling (CIPT) method was used to measure Resistance-Area (RA) product of unpatterned films.
Ballistic transport either through a tunneling barrier or nano-contacts (NCs), where contact diameter is much smaller than electron's mean free path, offers a lot of information about electron's local Density Of States (DOS) near Fermi level. In systems with Spin-Orbit Coupling (SOC), local DOS dependence on local magnetization direction leads to the effects of tunneling anisotropic magnetoresistance (TAMR), for tunneling conduction, 1,2 and nano-contact AMR (NC-AMR), in the case of ballistic transport through nanometer-sized metallic contacts. 3 In principle, effect of DOS anisotropy should be observable up to room temperature 4 but it was not, either due to randomly trapped charges at the barrier, 2 or due to instability of atoms in planar NCs. 3 Vertical NCs between films provide a more stable alternative to planar NCs, but fabrication of NCs in this geometry is difficult with current lithography techniques. 5 Bombarding the surface of a thin Al layer with low-energy (65 eV) Ar + -ions in the presence of oxygen atmosphere (≈ 1 × 10 −2 Pa partial pressure), the so-called Ion-Assisted Oxidation (IAO) method, can be used to form an AlO x Nano-OxideLayer (NOL) with multiple holes 1-2 nm in diameter. 6 IAO method has been used to make ferromagnetic NCs between the upper and bottom layers; if short oxidation times are used (20-40 sec). 7,8 IAO method is relatively easy compared to lithography and the resulting NCs are stable even at elevated temperatures, but the formation mechanism is inherently a random bottom-up process.
By placing an interface (Co/Pt) with a strong SOC adjacent to a tunneling barrier, Ref.
could increase TAMR ratio two-folds. In this paper, we report on the formation of Co/Pt asymmetric NCs through AlO x -NOL, and the resulting AMR behavior.
To study the formation of AlO x -NOL over Co layer by IAO, we used in situ atomic force mi- CPP pillars from same substrate showed characteristics that could be grouped into two groups, from which the best cases are reported next. We attribute this grouping to prevalence of either Al or Pt NCs in the area where the CPP pillar was patterned. In pillar A, R 0 − θ curve had a low AMR ratio of 0.04% at 300 K, which increased to 0.08% at 5 K under 8-T magnetic field [ Fig. 2(a) ]. Contrarily, pillar B had up to 28.6% AMR ratio at 300 K [ Fig. 2(b) ]. The AMR ratio of pillar B increased with increasing applied field 
